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DETAILED ACTION 



Claim Rejections - 35 USC § 102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 1 02 that 
form the basis for the rejections under this section made in this Office action: 
A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

Claims 1-9, 12-27, 30-39 & 42 are rejected under 35 U.S.C. 102(b) as being 
anticipated by Liu etal. (USPN 6,720,519). 

Liu et al. ('519) discloses a laser system for micromachining, high precision, 
controlled hole shapes into a workpiece. The picosecond laser system includes the 
laser, a beam, a first mirror, a shutter, an attenuator, a second mirror, a beam expander, 
a third mirror, a fourth mirror, a spinning half wave plate, a scan mirror, a DOE 
(diffractive optical element), a plurality of sub-beams, a scan lens, a microfilter, an 
image transfer lens (can be a large area CCD) and a workpiece. One example of a 
workpiece is a turbine blade with drilled cooling channels. 

A picosecond laser produces short pulses and a DOE is used to split the beam 
into a plurality of beams, allowing parallel drilling of the workpiece. Controlled hole 
shape is obtained by using a scan mirror, a milling algorithm and a picosecond laser. 
The DOE in combination with the scan mirror with piezo-electric actuators is used to 
control intensity. The ultrafast laser generates intense laser pulses with durations of 10 
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picoseconds to 10 femtoseconds. Lasers such as excimer, Q-switched, C0 2 and copper 
vapor are used. The picosecond laser emits a beam of bandwidth less than 0.1 
nanometer. The pulse width is approximately 15 picoseconds, with 1W at 1 kHz. 
Typically a pulse width of between 1 ps and 100 ps is suitable. 

The shutter allows the beam to illuminate the workpiece surface in the open 
position and prevents illumination in the closed position. Shutter speeds are about 1 ms. 
Alternate embodiments of fast shutters are external electro-optic modulators such as a 
Pockels cell, a galvanometer mirror that deflects the beam out of the desired beam path 
or direct modulation of the Q-switch. The instant attenuator includes a half-wave plate 
and a polarizer. 

The scan lens is a f-theta telecentric lens. The scan lens determines the spot 
size of the sub-beams upon the workpiece. The beam size that enters the entrance 
pupil of the scan lens must be less than or equal to the pupil size of the scan lens. 
Telecentricity is required to keep the incident angle between sub-beams and workpiece 
perpendicular, which is necessary to drill parallel holes in the workpiece. 

Image transfer lens maintains image quality, spot size and telecentricity, while 
preventing blowback of ablated particles from the workpiece onto the microfilter. The 
image transfer lens consists of two telecentric scan lenses, identical to scan lens placed 
back to back, with the pupil planes of the two scan lenses coinciding in the middle. In an 
alternative embodiment a source of high velocity gas (air or nitrogen) is formed into a 
laminar flow sheet that passes between the microfilter and workpiece. This flow of gas 
removes blowback particles before they can be deposited onto the microfilter. 
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The beam propagates along the optical path, where it is incident upon the first 
mirror. The first mirror redirects the beam along the optical path, where it is incident 
upon the shutter. The shutter opens and closes to selectively illuminate the workpiece 
material. Beams exit the shutter and propagate along the optical path to attenuator. 
The attenuator filters the energy of the picosecond laser in order to precisely control 
ablation parameters. Beams exits attenuator and propagate along the optical path, 
where it is incident upon the second mirror. The second mirror redirects the beam along 
the optical path, where it is incident upon the beam expander. 

The microfilter controls and equalizes the intensity distribution of multiple laser 
beams that can be used to produce laser-milled holes in a variety of geometrically 
repeatable shapes. The intensity distribution of the sub-beams can be measured and 
analyzed using a feedback step. Sub-beams exit the microfilter and propagate along the 
optical path, where they are incident upon the image transfer lens. The image transfer 
lens re-images the focal spots of sub-beams onto the workpiece. Sub-beams then 
ablate the workpiece in a pattern according to a pre-defined milling algorithm, 
(abstract, figures, col. 1, lines 27-60, col. 2, lines 40-67, col. 3, lines 1-11, 35-40, col. 6, 
lines 12-60, col. 7, lines 55-62, col. 8, lines 1-49, col. 9, lines 7-60, col. 10, lines 35-61, 
col. 12, lines 34-48, col. 14, lines 60-67, col. 15, lines 1-44, col. 17, line 67, col. 19, lines 
4-7, col. 22, lines 1-15) 
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Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 10-11, 28-29 & 40-41 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Liu et al. ('519), as stated in the above paragraph and further in view 
of Liu et al. (USPN 6,621 ,045). 

Liu et al. ('519) teaches the use of lens and gas, but not the focusing of the lens 
or the pressure of the gas. 

Liu et al. ('045) discloses laser drilling using ultrafast sub-beams. The sub-beams 
may be emitted from a beamsplitter and are used to perform parallel laser drilling of a 
drilling pattern in the targeted workpiece. The sub-beams are focused on the focal plane 
(135) (figure 1C). Additionally, during processing, a gas flow (air, nitrogen, argon or 
another inert gas) creates a reduced atmospheric pressure in front of the target area of 
the workpiece. The reduction in atmospheric pressure in the range of 2.7 to 56,000 
Pascals, (abstract, figures, col. 4-5) 

It would have been obvious to one of ordinary skill in the art at the time of the 
invention to focus the lens on the workpiece and determine the gas pressure, as taught 
by Liu et al. ('045) in the Liu et al. ('519) system because these are merely standard 
functions and parameters of the lens and gaseous environment. 
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Conclusion 



Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to M. Alexandra Elve whose telephone number is 571-272- 
1 173. The examiner can normally be reached on 6:30-3:00 Monday to Friday. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Tom Dunn can be reached on 571-272-1171. The fax phone number for the 
organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 

August 4, 2005. 




M. Alexandra Elve 
Primary Examiner 1725 



